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ANTICOAGULANT COMPOSITION 

Field of Invention 

The present invention relates to a process for the 
product ion of an anticoagulant composition, as well as the 
composition so produced. The present invention further 
relates to an apparatus containing such composition for use in 
the sampling of blood and a method of sampling blood. 

Background of the Invention 

The analysis of whole blood requires the use of an 
<hfc£co in the col lection apparatus , in order 

to preiyent cbagulat ibn of the collected blbbd sample prior to 
its analysis. The use of heparin, both in dry and liquid 
form, is known, as is its ability to bind a certain portion of 
the electrolyte witftih the blood sample (e.g. sodium, 
potass ium and/ or calcium ions ) . This Electrolyte binding is 
undesirable since it effectively prohibits an accurate 
analysis of blood Electrolyte cbhperit r action > particulafly 
sodium, potassium a^ The 
measurement of calcium : ion concentration has recently received 
increased attention in the field of ; cardiap Medicine in view 
of the heart's sensitivity to calcium ion concentration and 
the recent development of blood gas machines to monitor thE 
concentration thereof. 

Various solutions to the problems; associated with this 
electrolyte binding by heparin have been heretofore proposed. 
For instance, Radiometer A/S of Copenhagen has previously 
marketed anticbigulant cbmpdsi t ions f or use in connection wi|h 
blood sampling apparatus in the form of capillary tubes having 
a coating on the : inher will of the tube of dry sodium 
heparinate. These compositions are further said to contain a 
specified amount of calcium chloride in an effort to 
' Comperisaite f 6r the bibpd/is calcium anions which will be bound 
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by the heparinate once in solution. The use of this 
composition therefore does not provide a complete solution to 
the a f or ement i oried problem since this composition introduces 
additional : sodium and chloride ions into the blood sample, 
thereby altering an accurate analysis of the concentration of 
sodium and chloride within the blood sample . Moreover , the 
added calcium ions represent only a replacement for an 
approximation of those expected to be bound by the heparin 
coiapfehfeht^: /.Therefore, an analysis for calcium ion 
concentration within the collected :s while improved, is 

riot v accurate . 

U> : Sy Patent No . 4 i 687, 000 (asssigrifed to Radiometer A/S) 
discloses a method for treating a blood sample with an 
antiqoa^l^ well; as a blood sampling device ■. The 

disclosed method involves contacting a collected blood sample 
with (a) an anticoagulant capable of binding cation species 
within the blood and (b) an additive including selected 
cationic species in the amounts compensating for proportions 
of these cation species bound by the anticoagulant. The 
disclosed method still does not represent a true solution to 
the aforementioned problems , however; since again the cat ionic 
species preisent in the additive represent only estimations # 
the ^ cations ^expected to be bound rather than the true arid 
exact amounts 

It is therefore an object of the present invention to 
provide W a | proceiss for the production of an anticoagulant 
composition. 

It is further an Object of the preisent invention to 
provide a method for treating blood with anticoagulant which- 
allows for accurate analysis of the sodium, potassium and 
calcium ions present therein. 

It is further an object of the present invention to 
provide art apparatus which is both a container for the claimed 
ariticoa^lan^ of ; the claimed 

method. • 
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summarv of the invention 

The present invention comprises a process for the 
production of an anticpagularit and the anticoagulant produced 
thereby. 

The present invention further is directed to a blood 
sampling device comprising 

(a) a receptacl^ a blood receiving space 

therein foar receiving a blood sample ; 
(bj a blood inlet means for introducing a blood sample 

into the blobd: receiving space; and 
(c) ah anticoagulant present within said blood receiving 
space , : said comprising the product of 

■• the process of Claiim -Iv- •"• 
The present invention further comprises a method for 
collecting bloOd ^araples through use of the claimed 
composition. 

Detailed Description of the Present Invention 

As stated above, ihe presen invention relates to a novel 
anticoagulant composition and the process for its production . 
The invention further relates to an improved method for the 
collection of ^ b useful in the 

practice thereof. 

The anticoagulant composition of the present invention is 
lithium heparinate modified with a heavy metal salt such as 
zinc acetate. It is produced through a procedure which is 
outlined below. v 

A quantity of sodium heparin is obtained and dissolved in 
water to a consistency such that it is suitable for passage 
through a bed of an ion exchange resin. Sodium heparin is 
Obtained from various sources such as beef lungs and/or 
mucosa, pork mucosa, and whole pork intestines. It is further 
commercially available from such sources as Viobin Corporation 
Of Wauriakee, Wisconsin. Preferably, the solution so formed 
has a ; concentration of ^out j 3 0,0 0 0 tb about 0 6 u/cc .; 

The solution is then passed through a column of an acidic 
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ioh exchange resin . The resin may comprise any acidic ion 
exchange resin or mixtures thereof. Such: resins include IR- 
120 (a resin available from Rohm and Haas Company having a 
matrix structure of diviriylbenzerie (8%) and a sulfonic acid 
functionality) > Preferred is |he : use of IR-120 resin. 
Especially preferred is the use of • IR-12 0 resin in the 
hydrogen form. The, column is 

collected and moriitbred for the presence of heparin such as 
through the use of tbiuidine blue . : The Affluent should 
further possess a pH of 3 or less. The acidity of the 
effluent can be maintained through adjustment of the residence 
time of the solution wito 

The acidic; heparin effluent; ^0;0&^^&oi^'i^^^S; : to a heavy 
metal heparin salt through contact with a heavy metal- 
containing compbuhd. Conversion to a zinc f barium or copper 
salt is preferred. These salts include zinc acetate dihydrate 
as well as the chlorides and sulfates of zinc ,. barium and 
copper. Use of zinc acetate dihydrate is pr^efeirred. In the 
case where zinc acetate dihydrate is used , it: is add6d ta 
acidic effluent in an amount ranging from about 2 to about 7 
grams, preferably about 5 grams, per each 15 grams of sodium 
heparin originally introduced J exchange column. 

Use of other of thie; above-named : heavy metal - conta i n ing 
compounds include the use of similar molar amounts. The pH: 
solubility of the solution is further monitored to ensure that 
the pH is maintained so as not to exceed about 3. 

To the heparin-heavy metal salt produced in the preceding 
step is then added an aqueous solution of lithium salts such 
as lithium acetate, lithium hydroxide or lithium carbonate 
such that the resulting solution possesses a pH in the range 
of about 6 to about 7. The use of lithium hydroxide : is 
preferred. Use of an aqueous 10% lithium hydroxide solution 
is especially preferred. This solution is agitated; typically 
for a f^er i od o f ^ou t 4 ; to about 24 hours .;' piref erably at leaisti; 
8 hours, to permit for chelation of the lithium and 
stabilization of the i: solution ' s pH v ; Additional amounts of 
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either solution may of course be added to correct for pH 
deviations. 

r The pH stabilized solution may; then be filtered through 

a filter media suitable to remove any bacterial contamination 

v and/or insoluble matter picked iiip: auring prior processing. 

Use of a media having a pore ^ about 0.22 microns is 

preferred. The filtered solution may then be dried in a 
suitable apparatus such as a Lypphilizer produced by Hull or 
Virtis. 

Drying times and temperatures s^ be maintained at a 
level such that undue id of the hepaririaite 

composition is avoided. Once dried, the heparin composition 
should further be preferably stored in an area of low humidity 
in view of the hydroscopic nature of the material. 

The claimed composition is found to possess about 6 to 
about 8% by weight of zinc through atomic absorption 
spectroscopy. If heavy metals other than zinc were used, the 
claimed C^ contains e amounts of such 

metais. 

The amount of the heparin p conjunction 
with sampled blood should be sufficient to ensure against 
coagulation of the blood sample. However, use of great 
excesses of the composition should also be avoided in order to 
minimize any potential interference in the analysis of the 
collected blood sample. It is there fore preferred that us e be 
made of the least amount of the anticoagulant composition 
. wh i c h : a ^ 

been found, for example, that the use of about 8 to about 150 
international units (IU) of the composition per milliliter of : 
sampled blood is useful in the practice :of the claimed method . 

♦ Preferably > about 20 to about 80 IU/ml is used. Most ; j 

pre f er ab 1 y , about 50 IU/ml is used. The above quoted ranges 

v for the : concentration of anticoagulant adequate to prevent 

blood coagulation are concentrations ^h^ 

useful in collection devices and indeed are present in 
products which are currently commercially available. These 
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ranges do not however refer to use in Sherwood ABG syringes 
described herein . 

However, it should be noted that lower concentrations of 
anticoagulant are being increasing used and recommended. For 
instance, the proposed guidelines issued in ^^i^bei. 1992 by 
the NCCLS subcommittee on Electrolytes (Dpcumeht C31-P) 
recommends the use of heparinate in an : ^amount : of about 15 
IU/ml . Lower concentrations (e.g. below 10 IU/mi) have also 
been reported as sufficient, I ndeed Sherwood Medical ABG 
syringes currently contain 12 X+/-2 ) IU/ml Use 
of such lower levels of anticoagulant is within the scope of 
the present • ihyention. .v 

The claimed anticoagulant compos it ion may ^^^predissolyed- 
prior to its being contacted with a collected blood samplf or, 
more preferably, utilized: in; its dried state wherein it is 
dissolved upon its contact with the cqli^ct^d blood sample. 
Most preferably, the composition is present in dried form 
within the collection apparatuis for tihe blbiDd sample, i.e- 
capillary tube , syringe icir vacuum con^ 

is available for immediate contact with the sampled; bipod as 
it is collected . The dried Cprm of -the claimed, compos; it ion 
may be present within the collection apparatus as a free solid 
(I. &i\ powder) or as a film or coating present on the wills or 
bther internal structure of the collection apparatus. For 
instance, the composition may; be deposited on or within an 
inert carrier body, such as disclosed in U.S. Patent No. 
4,687,000, the contents of which are hereby incorporated by 
reference.';/ \ 

Tli^ invention disclosed herein is f urther ; described; 
through the following illustrative examples. Such examples 
are not intended, nor should they be construed, as limitations 
to the' .scope : of the present -invent ion;- 

EXAMPLE I 

Approximately one kilo of sodium heparin (manufactured by 
the Viobin •Cbrpbratiph)'^ fan aqueous 
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solution having a concentration of 30,000 to 50 , 000 u/cc. 

A column of about 9 liters of IR-120 Plus ion exchange 
resin in the hydrogen form is prepared and then washed with a 
sufficient quantity of water. The heparin solution is theh> 
introduced into the column and the pH of the effluent is 
monitored with Toluidine Blue. The pH r of ; the effluent is 
maintained at 3 or less. The effluent is collected. 

Zinc acetate dihydrate is added to the collected effluent 
in ah amount of about 3 to about 7 grains of the zinc salt per 
each 15 grams of the starting amount of sodium heparin. A 
sufficient ambunt of a 10% aqueous solution of lithium 
hydro^id^ is added siich that the re^ul^ing solution has k 
of about 6.0 to about 6.5 . The solution is then allowed to 
settle overnight. In the morning , the solution is filtered 
through a 0.22 micron filter media. The solution is dried 
through the use of a; Hull Lypohizer aiiid the resulting product 
is stored 

EXAMPLE 2 

A stodk solution of the heparin composition producrecj ; jin 
Example 1 is pr^jpa dissolving about 1,440,000 USP iniits 

in abbut i>oa ; #6 iresult ing solution 

possesses about i; 440 USP units/ml . 

By means of a pipette, 0.025 ml of the heparin solution 
is placed in a syringe (ABG brand manufactured by Sherwood 
Medical) in the 45° crease in the barrel. The solution is: 
then dried by means of the lyophilization method. The dried 
heparinate calces in the syringe contain about 3 6± 6 USP units 
of heparinate. The final heparin concentration in blood 
samples collected in these syringes; should therefore be in? the: 
range of 12 ±2 USP units/ml . 

The syringes are then used in the collection of blood . 
The syriricfiBs are filled completely and/ or partially with blood 
and the specimens are then analyzed for electrolytes. Similar 
quantities of blood are also collected in heparin-containing 
syringes manufactured by- Radibmeter k/S (type Smootti-E Arterial 
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Blood Sampler) and Sherwood Medical (Type ABG) as well as a 
syringe having no heparinate contained therein (control). 

The test results and a summary of a statistical analysis 
of said results are presented in Tables 1, 2 and 3, 

TABLE I 

Comparison of Ionized Calcium Values Obtained from Blood 
Specimens Collected in Plain syringes (Control) Versus 
Heparin i zed Syringe Types with Varied Draw Volumes . 



Synnge Draw Volume 


X(iSD)a 


C^po^ib^'-to-TL^n Syringe 






ml 


msy'dL 


Slope 


Intercept 


Correi Coef 




Control 




±R7(t0.li) 












10 


+9i(io;iU 


7.07 


-0:12: 


0.95 


0.02 




tXX0:i: 


+93(tO;H) 


h02- 


~o;i7 


0.96 


<o.pi 




0.75 






0.99 


094 


002 




■■■■\\:10y-- 


479lt0.lt) 


106 i 


•1121 


0;94 


<0.0l 






4 59( t 0 m 




(139 ) , 


0,93 


<*0I 




0.75 


4.4X(t0.14) 


0.83 


1.14/ : 


0,93 . 


<0.01 


C 


\x} 30 


4S3ii0.in 


0.K7 


O.M 




0M 




1.0 


4HS<t0Jh 


1.02 


0.09 


0.92 


0.21 






4S6( sO.IO) 


105 


0.22 


0X9 


V "0 66- 



*n ■■is'- (O fo a ll syringe types 



A represents a 6 ml (3 ml draw) syringe manufactured by 
S^^bbd Medical; Co 
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modified with zinc acetate produced in accordance with Example 
1 and claimed herein. 

B represents a 6 ml (3ml draw) syringe which contains 
lithium heparin produced by Viobin Corporation. 

: C represents a 3 ml syringe (3 ml draw) produced by 
Radiometer and marketed under the tradename Smooth-E Arterial 
Syringe. It contains a lithium heparin anticoagulant and 
additional anions as described previously herein. 

The above data shows that samples collected with Syringe 
A exhibited good correlation coefficients relating to ionized 
calcium at all bldod volumes and acceptable slopes and 
intercepts • Heparin 4ht with quantifying ionized 

calcium cbncehttatibh ev<e»n when the proportion of heparin was 
effectively \ ii^^^N^-" pi?^ial% filling the syringe with 
sampled blood was therefore reduced. Similar results were 
exhibited with Syringe:; c-Cv -- As expected; syringes containing 
plain lithium heparin (Syringe B) ^exhibited significantly 
liiWer ioriiied c^ relative to the control data, 

presumably due to binding of calcium ions with the heparin . 

EXAMPLE 3 

ittie p±oced^e^o£ Exarapl e 2 was repieated except that the 
samples We r ei then tested for potass iiim^ d rather 
than ionized calcium concentration. The results of Example 3 
are presented in Table 2. 
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Table 2 

COMPARISON OF PLASMA POTASSIUM VALUES OBTAINED 
WITH VARIED DRAW VOLUMES 



Control 

A 



DRAW 




X (ISO) 


VOtUHE 




(BDOl/D 


STSIUCE (ml) 






9 ' 


4.2 i 0,2 


3.0 

0.75:! 


9 


4v1 x 0.2 


v: a; 


4.1 t 0 


3.0 


9 


4;1 X 0>2: 


0.75 


9 ' 


4.2 i 0.2 


3.0 

0;75 


.9 


4.2 i 0;1 


9 


4.4 « 0:3 



Coopori son to Control Syringe 

SLOPE INTERCEPT CORREl 
COEr. 



0.64 
0,74 ; 

0.76 
0.52 

b>55 
0 77 



1.5 

1.1; 

1.0 

2.0 

1.9 
1.1 



0.75 
0.79 

0.77 
0.50 

0.78 
0.64 



0.50 
0.33 

0.5 
0.86 

0.35 
0.02 



It cai M through the mean value data set forth in 

Table 2 that Syringe h and B exhibited satisfactory r^sultis 
relative to the control syringe on both full draw arid short 
draiw s^pleis. In contrast f sample collected with Syringe C 
exhibited a significantly higher pbtassium ion concentration 
at reduced blood draw volumes. - : . 



Efrainple 4 

The procedure of Example 2 was repeated except that the 
samples were tested for total calcium concentration rather 
than ionized calcium concentration. The results of Example 4 
are presented in Table 3. 
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Tatole 3 

COMPARISON OF TOTAL CALCIUM CONCENTRATION 
OBTAINED WITH VARIED DRAW VOLUMES 



Syringe 



B 



Control 



Draw 
Volume 

mL 

3.0 

1.0 
0.75 

3.0 
1.0 
0.75 

3.0 

0.75° 



X(±SD)a 



Comparison to Plain Syringe 



9.4(i0.2) 
9.3(i0.2). 



9.4(i0.2) 
9.3(t0.2) 
93(*03) c 

9.9(*0.3) 

11.0(*03) 

11.4(t0.4) 

9.5(*0.2) 



*n= 10 for all syringe types. 
D n=4 



Slope Intercept 


Correl Coef 


P= 


0.80 1.9 


0.83 


0.15 


0.79 2.2 


0.81 


<0.0l 


0.60 4.1 


0.63 


0.04 


0.96 0.4 


0.90 


0:04 


0.84 1.7 


0.82 


< 0.01 


0.19 7.6 


0.36 


031 


067 2.0 


0;70 ' 


<0;01 


033 3:6 


- 036 


<0;01 


038 : 5.1 


0.67 


<0;0l 



It can be seen through the data set forth in Table 3 that 
the mean valued of -Syringe A and B were within 0.2 mg/dL 
relative to the plain syringe, even at reduced draw volumes . 
In contrast, the use of Syringe C yielded results which were 
modestly higher at full draw volumes and: significantly higher 
at partial draw volumes. This demonstrates the artificial 
increase in total calcium values associated with the use of 
syringes such as Syringe C in partial draw blood sampling; 
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EXAMPLE 5 

The procedure of Example 1 was followed such that four 
(4) separate batches of the heparin composition claimed herein 
were prepared. Each batch differed only in the amount of zinc 
acetate utilized- The batches used 3,0; 3.2, 4.0 and 5.0 
grams of zinc acetate per 15 grams of initial sodium heparin. 

The resulting heparin compositions were then placed 
within 6 ml (3 ml full draw) syringes per the procedure set 
forth in Example 2. Whole blood isiiriples: were then drawn in 
the various quantities noted in Tables 4 , 5 and 6 . Said; 
samples were then analyzed for bp^ calcium 
concentrations rand pH> . the results of said analysis are also 
set - forth in Titles 4> 5; arid ,6 >- : : 
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The results set forth: in Tables 4-6 demonstrate the 
effectiveness of the claimed anticoagulant in not unduly 
decreasing the ionized calcium concentrations in sampled whole 
blood. it can be seen that the best results were obtained 
through the use of the most: preferred composition , i.e. that 
produced w^ zinc acetate per 15 grams 

of initial -heparin.'.- ;. 
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CtAiMS 

1. A process for the production of an anticoagulant 
composition comprising 

a) contacting aim agu^ous s<?luti6h of solium heparin 
with an acidic ion exchange resin for a period 
sufficient such that aqueous effluent produced 
possesses a pH of about 3 or less; 

b) reacting said effluent with a : ^ 

compound suitable to produce a heavy metal heparin 
salt; and 

c) reacting said heavy metal heparin salt with an 
aqueous solution of lithium salts in sufficient 
amounts such that the resulting solution exhibits a 
pH of about 6 to about 7 ; 

2. The process of Claim 1 further comprising filtering the 
solution resulting from step (c) . 

3. The process of Claim 1 further comprising drying the 
solution resulting from step (c) v 

4. The process of Claim 3 wherein the solution resulting 
from step (c) is dried by lyophilization. 

5. The process- of Claim 1 where in 
step (a) has a concentration of about 30,000 to about 50/000 
U/CC . - - - • - ■ ' ' 

6. The process of Claim 1 wherein the acidic ion exchange 
resin comprises a resin with a sulfonic acid functionality . 

7. The process of Claim 6 wherein the acidic Ion exchange 
resin is selected irom ^h^ group ^f IR-120 and :IR^126 in. the 
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hydrogen form. 

8. The process of Claim 1 wherein the heavy metal-containing 
compound comprises a zinc, barium or copper salt and the 
lithium salt is lithium hydroxide, v 

9. The process of Claim 8 wherein the heavy metal-containing 
compound is selected from the group cprisisting of zinc acetate 
dihydrate , zinc chloride , zinc sulfate, barium acetate , barium 
chloride, barium sulfate, copper a^ copper chloride / 
copper sulfate and mixtures thereof. 

10. The process of Claim 1 wherein the heavy metal containing 
compound comprises zinc acetate dihydrate. 

11. The process of Claim 10 wtieir ein zih^ acetate dihydrate is 
utilized in amounts ranging f rbm about 2 to about 7 grams per 
each 15 grams 6 f s od ium h epa r in used in step ( a> . 

12 . The process of Claim 11 wherein about 5 grams of zinc 
acetate dihydrate is utilized per each 15 grams of sodium 
hepair in listed in step (a) . 

13 . A process for the production pf an anticoagulant 
composition comprising 

a) passing an aqueous solution of sodium heparin 
through the bed of an acidic ion exchange resin to 
produce an aqqeous effluent having a pH of about 3 
or less; 

b) reacting said aqueous effluent with zinc acetate 
diliydta^ 2 to about 
7 grams per each 15 grams of sodium heparin used in 

•••V.. : ; .jstep^a). • ,; :;: ;V.;:VV 
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g) reacting the product of step (b) with an aqueous 
solution of lithium hydroxide sufficient to pirbduce 
a solution having a pH of about 6 to about 6. 5; 

d) optionally, filtering the solution of s|fep> (c) ; , 

e) optionally, drying the solution of Either step (c) 
or step (d) . 

14. The process of Claim 13 wherein the solution of step (a) 
has a concentration of about 30,000 to about 50 > 000 u/cc. 

15. The process of Claim IX wite^ is 
utilized in step (b) in an amount of about 5 grams per each 15 
grains of sodium heparin acid in step (a) . 

16. The process of Claim 13 wherein the solution 

is f ilteired with a f il teit media haying ; : ;a;; : - jpore .;slz^:; : bf : ;^out 
0.22 microns. 

17 . The ptoceisis of Claim 13 wherein the solution of step (c) 
b± tS) ii5 dried through lypohi 1 i z a t i on . 

18. An anticoagulant composition produced by the process of 
Claim 1. • 

19. An anticoagulant composition produced by the process of 
Claim Ip.' C"-.?' ' ' :: v 

20. An anticoagulant composition produced by the process of 
Claim 13..--' 

21. An anticoagulant composition produced by the process of 
Claim i : 5. 

22. The product of Claim 21 wherein the anticoagulant 
contains about 6 to aboxit 8% by weight of zinc . 

23;. An apparatus for use in . tlife collection of blood 
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comprising 

a) a receptacle means defining a blood receiving space 
therein for receiving a blood sample; 

b) a blood inlet means for introducing a blood sample 
into the blood receiving space; and 

c) ah anticoagulant present within said blood receiving 
space, said 

anticoagulant comprising the product of the process of Claim 

24. An apparatus for use in the collection of blood 
comprising 

a) a receptacle means defining a blood receiving space 
thfereih for receiving a blood saiaple; 

b) a blood inlet; roeans for introducing a blood sample 
into the blood receiving space; and 

c) an Anticoagulant present within said blood receiving 
space, said anticoagulant comprising the product of 
the process of Claim 13. • 

2^ . : A method f or : : ^th : e ; ." ; col lect ion of ;bl6od compri^ihg 
contacting Collected bidbd with the composition of claim 18. 
26. A method for the collection of blbod comprising 
' "contacting collected blood with the! composition of Claim 20. 
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